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Introduction
The operant conditioning model of chronic pain [1] posits that significant others' responses to pain behavior play a role in chronic pain and disability. Supportive and caring responses, typically referred to as solicitous, have received the most attention. This form of support is thought to reinforce pain behavior and, in turn, promote disability. Consistent with this model, research with chronic pain patients has found positive associations V C 2017 American Academy of Pain Medicine. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com between reports of receiving solicitous responses to pain behavior and self-reports of disability [2] [3] [4] [5] [6] , although at least two studies have not found such associations [7, 8] .
In light of the operant model and the research noted above, solicitous support and responses to pain behavior have generally been considered maladaptive. However, several developments have raised questions about this conclusion. First, in a study of chronic pain patients and their partners, Newton-John and Williams [9] found that some forms of support typically classified as solicitous were rated unfavorably by a substantial proportion (e.g., approximately 35%) of the chronic pain patients. Thus, behaviors conceptualized as solicitous in past studies may not be positively reinforcing for all individuals with chronic pain, which may explain the null findings of some past studies [7, 8] . Second, Newton-John and Williams also found that responses to pain behavior involving active coping were rated favorably by a large majority of the patients. For example, approximately 85% of patients indicated positive reactions to being encouraged to persist with a task. This suggests that other forms of support, such as encouragement, warrant further study. Finally, it has been suggested [10] that expressing pain and supportive responses to such communications may build intimacy between relationship partners. Thus, it is possible that a complex set of relations exist where solicitous support may both foster disability and promote intimacy.
Prompted by the findings of Newton-John and Williams [9] , McWilliams and colleagues [11] developed a selfreport measure that assesses the desire for different types of pain-related support including solicitous support, encouragement in persisting with activities despite pain, and suppression of pain communication.
Research with chronic pain patients [12, 13] found the desire for solicitous support was positively associated with disability. The mechanism(s) responsible for this pattern of findings has not yet been determined. However, the operant theory of chronic pain is suggestive of two possibilities. First, those with a high level of desire for solicitous support may become more disabled because they engage in a high level of pain behavior in order to elicit support. Second, they may become more disabled because the solicitous support they receive strongly reinforces their pain behavior. Given the crosssectional design, it is also important to recognize the possibility that disability levels could influence the degree to which solicitous support is desired. The relationships between disability and interest in encouragement and suppression have been less consistent. One study [13] found an early version of the encouragement scale and suppression scale to be negatively associated with disability, whereas another study [12] found the encouragement and suppression scales unrelated to disability.
To date, no studies have simultaneously investigated pain-related support in conjunction with the support preferences of individuals with chronic pain. The main goal of the present study was to determine whether the relationships between several specific forms of support and disability were moderated by self-reported desire for these specific forms of support. Three types of support received and wanted were investigated as independent variables (i.e., solicitous, encouragement, and suppression), but the hypotheses were focused on solicitous support received because of its central role in theory and past research. Since solicitous support is conceptually similar to supportive responses to pain communications that have been theorized as fostering intimacy within couples [10] , relationship satisfaction was also investigated as a dependent variable. It was hypothesized that 1) solicitous support received would be positively associated with both disability and relationship satisfaction and 2) these associations would be stronger in individuals with a high desire for solicitous support than in individuals with a relatively low desire for solicitous support (i.e., a moderation effect).
Methods

Procedures and Participants
Adult chronic pain patients were recruited from the University of Alberta Hospital Multidisciplinary Pain Centre. Patients were referred by physicians in both primary care networks or through specialty clinics. Direct referrals from employers or insurance companies were not accepted. Patients were screened for enrollment in the study prior to their scheduled appointment with their pain specialist. Aside from the eligibility requirements necessary for a referral to the program (age > 18 years and the presence of chronic pain), the eligibility requirements for this study were: 1) being either married or having a romantic relationship partner and 2) English reading and writing ability sufficient for completing the questionnaire package independently. Prior to enrollment in the study, a research assistant conducted a brief interview with potential participants in a private setting to ensure these criteria were met. Eligible patients who provided written informed consent to participate completed a questionnaire package. Most completed the questionnaire package during their visit to the Pain Center and returned it directly to the research assistant. However, seven participants returned their questionnaire via mail, in a self-addressed, stamped envelope provided by the research assistant at enrollment time. Upon returning the questionnaires, participants were given $5 compensation for the time commitment required to fill out the study forms. This research was approved by the Health Research Ethics Board at the University of Alberta.
A total of 331 potential participants were screened as potential participants. A substantial proportion of those approached (N ¼ 119) were ineligible for the study. Most of these (N ¼ 112) were ineligible because they were not in a relationship. There were also several excluded because they were not able to complete the questionnaire package independently due to either a language barrier (N ¼ 6) or cognitive impairment (N ¼ 1). A majority of those approached (64%, N ¼212) were eligible to participate. A small minority of these individuals (14.6%, N ¼ 31) declined to participate and provided no further information. There were 181 eligible participants who agreed to participate (85.4% of all those eligible). However, some of these initial participants did not return the questionnaire package (N ¼ 28), withdrew because of time constraints (N ¼ 4), or did not complete all of the questionnaires (N ¼ 2). The final sample consisted of 147 individuals with a mean age of 49.5 (SD ¼ 13.5) years. The majority were female (62.6%, N ¼ 92) and Caucasian (85.7%, N ¼ 126). Most were married (N ¼ 112) or in a common-law relationship (N ¼ 23). Several others were divorced/separated (N ¼ 6) or widowed (N ¼ 1), but currently in a relationship. For the final sample, the mean relationship duration was 21.1 (SD ¼ 15.5) years.
Self-Report Measures
Participants provided information on demographic variables (e.g., age and sex) as well as their pain duration. They completed several self-report measures, which are described below. In all cases, the scores used are based on the average of the items comprising each scale, with higher scores reflecting higher levels of the construct assessed.
Pain severity was assessed with four 11-point numerical rating scales ranging from 0 (no pain) to 10 (worst pain imaginable). The first was a rating of current pain. The others were ratings of respondents' worst, least, and average pain over the past week. This method of assessing pain severity has good psychometric properties and has been used in numerous studies [14] .
Pain-related disability was assessed with the Pain Disability Index (PDI) [15] . It assesses the extent to which pain interferes with seven different areas of daily living (viz., family/home responsibilities, recreation, social activity, occupational, sexual behavior, self-care, and life-support activities). It uses seven items, each rated on an 11-point Likert scale, ranging from 0 (no disability) to 10 (total disability). The PDI is internally reliable and significantly correlated with other objective and subjective measures of disability [16] [17] [18] .
The Pain Response Questionnaire (PRQ) was used to obtain reports from participants regarding their perceptions of the pain-related support they generally receive from their significant other and to obtain information about their preferences regarding such support. The PRQ is an adaptation of the Pain Response Preference Questionnaire (PRPQ) [11] , which has good psychometric properties in nonclinical [11] and chronic pain samples [12, 13] . The PRQ includes items from the PRPQ that describe three forms of support: solicitous, encouragement, and suppression. Respondents first indicate the degree to which they want that form of support and then report the degree to which they receive this type of support. A four-point Likert scale ranging from 1 (strongly disagree) to 4 (strongly agree) is used in both cases. Ten items (each rated twice) were used for the solicitous support scales. These items captured both instrumental (sample item "offer me help") and emotional support (sample item "treat me with extra care and concern"). The encouragement scales used six items (sample item "tell me I can do things despite pain"), and the suppression scales used three items (sample item "change topics when I talk about my pain"). The items used were selected on the basis of the most recent factor analytic study of the PRPQ [12] . The responses regarding the level to which respondents wanted the forms of support described in the items were labelled with the word "wanted" (i.e., the solicitous support wanted scale). The responses regarding the level to which respondents perceived that they typically receive the forms of support described in the items were labelled with the word "received" (i.e., the solicitous support received scale).
The Relationship Assessment Scale (RAS) [19] was used to evaluate relationship satisfaction. This sevenitem self-report measure of global relationship satisfaction (sample item "How well does your partner meet your needs?") uses a five-point Likert scale, ranging from 1 to 5. The labels for the end points of the scale vary to fit each question. Previous research supports the construct validity of this scale and indicates it has good levels of internal consistency (a ¼ 0.91) [20] .
Sample Size Determination
The sample size was based on the number of participants required to have a conventional level of statistical power (power ¼ 0.80, alpha ¼ 0.05) to detect relationships with a moderate effect size (r ¼ 0.30) in the regression analyses. Widely used guidelines [21, 22] suggest that approximately 120 participants would be necessary for the 11 independent variables included in the regression model. Particular consideration was also given to the power to detect interaction or moderation effects because they are difficult to detect [23] . The ability to detect such effects is partly based on the total amount of variance accounted for the final model and the amount of variance accounted for by the interaction effect. Warner's [24] adaptation of earlier sample size guidelines [25] for interaction effects was utilized. Using the most conservative estimate of total variance accounted for by both the main effects and the final model, a sample size of 143 was determined to be adequate. In light of these considerations, we aimed to recruit a final sample of approximately 150 participants.
Statistical Analyses
Analyses were conducted with SPSS version 23. The preliminary analyses involved 1) examinations of the distribution of the variables, 2) reliability coefficients for the multi-item measures, 3) basic descriptive statistics, and 4) correlations between the study variables. The main Pain-Related Support and Psychosocial Functioning focus of the analysis was investigating relationships between the PRQ variables and both disability and relationship satisfaction. These relationships were investigated with hierarchical multiple regression analyses. Consistent with past research examining pain-related support preferences [12, 13] , sex and pain severity were included as potential confounds and were entered in Step 1. The PRQ support wanted and support received variables were included in Step 2. Interaction terms for the three pairs of related support wanted and received scales of the PRQ were entered in Step 3.
In order to facilitate the interpretation of any significant interaction effects, the continuous variables were centered (i.e., transformed to have a mean of 0) and the interaction terms were created with the centered attachment scales. A widely used Web-based software program for interpreting interaction effects [26] was used to test the association between independent and dependent variables at specific levels of the moderator and utilized the regression coefficients to calculate conditional values of the dependent variable used to illustrate the interaction.
Results
Preliminary Statistics
The skewness and kurtosis values indicated that most of the continuous variables were approximately normally distributed. The one exception was pain duration, which had a highly negatively skewed distribution. A log transformation improved its distribution such that it became approximately symmetrical. However, both the findings with the original variable and the transformed variable indicated that pain duration was not significantly correlated with the other study variables. In light of these findings, the original variables were retained to facilitate the interpretation of the results.
Descriptive statistics for the study variables are reported in Table 1 , along with the internal consistency coefficients for all the continuous study measures. These values indicate that all the measures had an acceptable level of internal consistency. Table 1 also reports correlations between all the study variables. Of note, several variables had significant correlations with the main dependent variables of the study (viz., disability, and relationship satisfaction). Disability was positively correlated with sex and pain severity, and negatively correlated with encouragement received. Relationship satisfaction had a large positive correlation with solicitous support received and a moderate positive correlation with encouragement received.
Multiple Regression Analyses
The first multiple regression analysis treated disability as the dependent variable. The model including only Step 1 was significant (F(2,144) ¼ 23.29, P < 0.001) and revealed a positive main effect of pain severity (b ¼ 0.47, P < 0.001).
Step 2 significantly improved the model (F change (6,138) ¼ 2.54, P ¼ 0.023). It revealed a significant negative association between encouragement received and disability (b ¼ À0.24, P ¼ 0.042), as well as positive association between solicitous support wanted and disability (b ¼ 0.17) that approached statistical significance (P ¼ 0.08). The addition of the Step 3 resulted in an improvement to the model that only approached statistical significance (F change (3,135) ¼ 2.15, P ¼ 0.097), but it was included in the final model because it revealed a statistically significant interaction effect. The standardized regression coefficients, R 2 , and F statistic for the final regression model are presented in Table 2 . The R 2 value indicates it accounted for approximately 35% of the variance in disability. As in earlier models, significant main effects were found for pain severity and encouragement received. A significant effect was also found for the encouragement wanted by the encouragement received interaction term.
Preacher and colleagues' [26] inferential statistical procedures and related software were used to explore the interaction effect. Given the main effect of encouragement received, encouragement wanted was treated as the moderator of the association between encouragement received and disability. Figure 1 illustrates the interaction effect by plotting predicted disability scores for each combination of low, average (i.e., mean), and high (i.e., 1 SD above and below the mean) of the encouragement wanted and encouragement received scales. There was a significant negative effect for encouragement received, both at 1 SD below the mean for encouragement wanted (b ¼ À1.43, P ¼ 0.003) and at the average level of encouragement wanted (b ¼ À0.88, P ¼ 0.024). At 1 SD above the mean of encouragement wanted, this negative association was weaker and not statistically significant (b ¼ À0.33, P ¼ 0.440). Thus, the overall pattern indicates that encouragement received was negatively associated with pain-related disability, but this was not the case among those with a relatively high level of interest in this form of support (i.e., those 1 SD above the mean of encouragement wanted).
A second multiple regression using the same set of independent variables was conducted to investigate relationships between the PRQ variables and relationship satisfaction. The Step 1 variables did not result in a statistically significant model (F(2,144) ¼ 1.31, P ¼ 0.272). However, the addition of Step 2 improved the model significantly (F change (6,138) ¼ 10.57, P < 0.001) and revealed a large positive association between solicitous support received and relationship satisfaction. None of the interaction effects included in Step 3 were significant; therefore, the final model included only Steps 1 and 2. The standardized regression coefficients, R 2 , and F statistic for this final regression model are presented in Table 2 . The R 2 value indicates that it accounted for approximately 32% of the variance in relationship satisfaction. 
Discussion
An extensive body of research based on the operant conditioning model suggests that solicitous responses to pain behaviors are associated with greater disability [2] [3] [4] [5] [6] . A more recent line of research suggests that preferences regarding pain-related support are also associated with disability, with the desire for solicitous support generally found to be positively associated with disability [12, 13] . Thus, both the amount of solicitous support received and the degree to which it is desired have both been found to be positively associated with disability. This study was the first to simultaneously investigate these variables in relation to disability experienced by individuals with chronic pain.
It was hypothesized that solicitous support would be positively associated with disability. More importantly, the present study focused on the hypothesis that the degree to which this type of support is wanted would moderate the relationship between solicitous support received and disability. These hypotheses were not supported. Disability had small and statistically nonsignificant associations with both solicitous support wanted and received, and the interaction between the two solicitous support variables was also unrelated to disability.
Encouragement as a pain-related construct was based on the "encourage task persistence" category of responding to pain identified by Newton-John and Williams [9] . It has not previously been investigated in relation to any pain-related outcomes. The findings regarding encouragement did support the idea that support preferences moderate the relationship between support and disability. Encouragement received had a moderately high negative association with disability that was moderated by encouragement wanted. This raises the possibility that encouragement from one's partner to remain active despite pain may be a protective factor against disability. Exploration of the interaction effect further indicated that this negative association was statistically significant at average and low levels of encouragement wanted. Among individuals with average or lower interest in receiving encouragement, this form of support could prompt them to remain active in order to avoid disagreement with their partners or to avoid additional unwanted encouragement. This continued activity could, in turn, result in relatively low levels of disability. Alternatively, encouragement may exert a positive influence via an increase in self-efficacy related to activity. Exploration of the interaction effect also indicated that the negative association between encouragement received and disability was not statistically significant at high levels of encouragement wanted. Among individuals with a high level of interest in receiving encouragement, this form of support may provide no benefit in terms of disability as they may already be striving to remain active or perceive themselves as capable of doing so.
Marital functioning and relationship satisfaction have frequently been of interest in the chronic pain literature [27] . However, in research related to the operant conditioning model, these variables have typically been examined as predictors of pain-related outcomes and/or moderators of other relationships [28] , rather than as important clinically relevant indicators in their own right. In light of the suggestion that expressions of pain and supportive responses to such communications may build intimacy between relationship partners [10] , relationship satisfaction was examined as a dependent variable in the current study. Consistent with one hypothesis of the study, solicitous support received had a large statistically significant positive association with relationship satisfaction. Contrary to the second hypothesis, the degree to which this form of support was desired (i.e., solicitous support wanted) did not moderate this relationship. This may be the case because this form of support was so strongly associated with relationship satisfaction and captures a way of relating to one's partner that is a key factor for relationship satisfaction.
The most complex aim of the current study was to examine the possibility that support preferences moderate relationships between support provided and two clinically relevant dependent variables: disability and relationship satisfaction. Other potential relationships between these variables could have been explored. For example, relationship satisfaction could have been evaluated as a moderator of all the potential associations between the support variables and disability. As well, depression is associated with pain-related disability [29, 30] and relationship satisfaction [31] , so it would have also been reasonable to consider its impact in the present study. However, in order to focus on the main hypotheses and to ensure an adequate sample size for the analyses testing them, these other more complex possibilities were not explored and need to be addressed in future research. Figure 1 Interaction between encouragement wanted and encouragement received predicting disability.
The current study has several important limitations. First, the sample was comprised of individuals in relationships that were seeking specialized treatment for chronic pain that they had generally experienced for many years. Thus, the findings may not generalize more widely to those experiencing chronic pain. Second, the cross-sectional design precludes conclusions regarding the direction of the relationships found. For example, the negative association between encouragement received and disability may have occurred because encouragement protects against the development of high levels of disability, but it is also highly plausible that those with a high level of disability received low levels of encouragement because their partners view such support as unhelpful. Third, it relied solely on participants' self-reports of pain-related support received. The addition of reports from participants' partners could have enhanced the current study by providing a means to evaluate the degree to which the findings are consistent when considering different perspectives on the amount of support the participants received. A nonclinical study of couples found both partners' perceptions of solicitous support provided to one partner in the relationship were not highly related to each other (i.e., 9% shared variance) [32] , so it is conceivable that reports from the participants' partners would have suggested a different set of relationships than those indicated in the current study. While not a limitation, it should also be noted that the solicitous support measure used includes items capturing emotional and instrumental support, whereas the more commonly used solicitous support scale in the Multidimensional Pain Inventory (MPI) [6] is more focused on specific instrumental support behaviors (e.g., "gets me some pain medications").
Notwithstanding the limitation of the study, the findings have novel clinical implications. First, solicitous support may be a more positive form of support than originally conceptualized in the operant conditioning model. In the current study, solicitous support was unrelated to disability and had a large positive association with relationship satisfaction. Thus, a focus on reducing emotional and instrumental support may not be a helpful approach in treatment and could actually have a negative impact on patients' relationships. However, this idea runs contrary to the findings of a seminal treatment study [33] that suggested that reductions in solicitous responses to pain led to improved functioning. The contingency between pain behavior and the support provided may be the critical issue that has been overlooked and that accounts for the differences across studies. Reducing solicitous responses to pain behaviors may be an effective treatment strategy. However, the more general provision of emotional and instrumental support may enhance relationship functioning and have no impact on disability when it is provided in a manner that is not contingent on pain behaviors. The possibility warrants serious consideration, as the solicitous response scale of the MPI is typically discussed as a measure of responses to pain behavior, but the instructions for this scale do not actually specify that the items address significant others' responses to pain behavior. Thus, it should be considered a measure of pain-related support rather than a measure of responses to pain behavior. This is also true of the solicitous support received scale used in the current study. Treatments for individuals with chronic pain may be enhanced by training significant others to build relationship satisfaction by providing support while also avoiding a pattern of responding to pain behavior that could inadvertently reinforce it and increase disability.
A second clinical issue raised by the findings is the potential benefit of significant others encouraging individuals to persist in activities and remain active despite pain. More broadly, the current findings regarding encouragement highlight the importance of considering forms of support other than those typically labeled solicitous. For example, findings from a study using observational methods [34] and another using self-reports [35] indicate that facilitative responses to well behaviors (i.e., responding positively to someone engaged in behavior incompatible with the sick role) are associated with positive outcomes, such as lower levels of pain behavior and self-reported disability. To the best of our knowledge, intervention strategies taking into account the potential utility of encouragement and facilitative behavior have not yet been developed or tested.
The current findings are suggestive of some new clinical directions. However, additional research delineating the roles of particular forms of support and support preferences is required to determine whether these ideas warrant further consideration. For example, a daily diary study could be used to evaluate temporal relationships between encouragement from significant others and the activity levels of individuals with chronic pain. If encouragement were to be associated with subsequent increases in activity levels, this would provide additional support for clinical attention regarding encouragement from significant others. While not the focus of the study, it is important to note that each support wanted variable was positively correlated with its corresponding support received variable, ranging from 0.21 (P 0.05) for the solicitous support scales to 0.52 (P 0.001) for the suppression scales. This pattern of findings suggests that participants were to some extent receiving the type of support they wanted. Research aimed at identifying the underlying process(es) responsible for these effects is warranted. Laboratory-based observational methods have been developed to study relationships between the pain behavior of individuals with chronic pain and responses to pain behavior provided by spouses [34, [36] [37] [38] . This approach could be used to explore the possibility that those with chronic pain are able to use verbal and nonverbal behaviors to influence their partners' responses to pain behavior or to investigate the possibility that pain support preferences influence the degree to which particular forms of responses to pain behavior reinforce pain behavior.
Pain-Related Support and Psychosocial Functioning
In the past few years, a wide range of interpersonal topics have been investigated in relation to chronic pain, including empathy [39, 40] , communal coping [41] , expressed emotion [42] , disclosure of distress [43] , and self-perceived burden [44] . The current study broadens this research trend. Together, these separate lines of research point to the possibility of enhancing treatment programs by attending to interpersonal issues relevant to those with chronic pain and their partners. These areas of study each point to specific clinical issues relevant to those with chronic pain (e.g., perceiving oneself as a burden and expressing catastrophic thoughts in order to draw support) or to changes in pain-related communication that might improve the functioning of individuals with chronic pain (e.g., decreased expressed emotion and increased encouragement from significant others). A more comprehensive and integrated understanding of these issues is needed to inform the design of interventions to optimally address them.
